Background
Periodontal disease is an inflammatory condition of the soft tissues surrounding the teeth and the gradual destruction of the supporting structures of the teeth [1, 2] . Periodontal disease is one of the most common chronic infectious diseases, with the overall prevalence from 10 to 90% in adults [3] [4] [5] , depending on diagnostic criteria. Risk factors include the increasing age, male gender, some ethnicities, low educational level, poor economic status, tobacco use, psychological distress, and poor oral hygiene [5] [6] [7] [8] [9] . The increased gestational age was also a risk factor. Periodontal disease is associated with systemic diseases such as cardiovascular diseases and diabetes [10, 11] , as well as various adverse pregnancy outcomes including preterm birth, low birth weight, early pregnancy loss, gestational diabetes mellitus and preeclampsia [12] [13] [14] . Among pregnant women, the prevalence of periodontal disease is also high, ranging from 10 to 74% [6, 9] . Due to the high prevalence of periodontal disease and its association with systemic disease, much more attention has been attracted from both the medical and public health areas, in order to improve the health of the whole population.
Most of previous studies have been focusing on studying the prevalence of periodontal disease during the time period of pregnancy and its impact on pregnancy outcomes [9, [11] [12] [13] . It is well known that pregnancy itself increases the prevalence of gingivitis and periodontitis [15, 16] . However, little is known about the prevalence and risk factors among pre-conception women who plan to conceive. In addition, given the fact that several large clinic trials demonstrated the treatment for periodontal disease during pregnancy was ineffective in improving pregnancy outcomes [17] [18] [19] , and treating periodontal disease during pregnancy potentially leads to an increase in bacteremia, which itself may increase the risk of adverse pregnancy outcomes, it has been put forward that the pre-conception period may be a more optimal time for the treatment of periodontal disease [20, 21] . It is important to understand the prevalence and risk factors of periodontal disease among women during preconception period. This paper aims to report the prevalence and severity of periodontal disease and its risk factors among pre-conception women.
Methods
Data for this paper were drawn from the baseline survey of women enrolled in a randomized controlled trial for treating periodontal disease in pre-conception women to improve periodontal status during pregnancy and birth outcomes (Trial registration No.: ChiCTR-TRC-12001913) [21] . Ethical approval of the research was granted by the Institutional Review Boards of the School of Public Health, Fudan University, Shanghai, China and Tulane University, New Orleans, USA, and written informed consent was obtained from each participant before participation.
Participants and recruitment
The baseline survey was conducted between January 2012 and December 2014 at the Maternal and Child Health Hospital, in Changzhou Municipality, a city in eastern China, with a population of approximately 4.6 million. It is the only maternal and child health care hospital in the city, with a total of 9,000 deliveries annually, covering more than 70% of deliveries in the city [21] .
Women were invited to participate in the study when they attended the pre-conception health care clinic at the hospital. They were approached by research nurse who introduced the study and asked about their willingness to participate. After women agreed to join, they were assessed for the eligibility. Eligible women first filled in a baseline questionnaire including demographic information such as age, education level, employment status, family monthly income, and periodontal disease relevant information such as oral hygiene, health insurance status, family history of periodontal disease and stress. Women were then provided a free full-mouth dental examination.
Detailed inclusion and exclusion criteria are listed in the study protocol [21] . Overall, the inclusion criteria included the desire to become pregnant within one year, 18 years or older, and planning to deliver at the recruiting hospital. The exclusion criteria included being younger than 18 years old, having fewer than 20 teeth, contraindication to probing in a dental examination, being unwilling or unable to sign the informed consent form, receiving periodontal treatment within the past six months, or changing the plan to become pregnant within a year.
Sample size estimation
Given the margin of error 3.5%, expected rate of periodontal disease among preconception women 55% (estimated from the pilot study) [21] , the sample size of 777 women was adequate to estimate the prevalence with 95% confidence interval. Taking into account the loss to follow-up around 20% between preconception period and childbirth, we expanded the recruitment of around 1000 women in the baseline survey for a dental examination.
Definition and measurement of periodontal disease
The oral examination for periodontal disease was carried out by probing six sites per tooth (mesio-buccal, mesiolingual, disto-buccal, disto-lingual, mid-buccal and midlingual), using a manual UNC-15 probe and a record form [12] . All examination was completed by a single dentist in the hospital and the data were recorded by a trained nurse. Prior to the study, a calibration section was conducted. Three volunteers were examined by the dentist and an experienced periodontist simultaneously. They discussed any differences in measurement and the measurement approach was adjusted until a final agreement was reached.
There is no universally accepted research definition for the diagnosis of periodontal disease. Usual indicators combine probing depth (the distance in millimeters from the gingival margin to the apical part of the pocket, PD) and clinical attachment loss (the distance between the cemento-enamel junction and the base of the pocket, CAL) over a certain threshold [1, 21] . In this study, the definition of periodontal disease referred to the study by Offenbacher et al. published in 2001 [22] . The overall periodontal disease was defined as a presence of any site exhibiting PD > 3 mm or CAL > 3 mm. The moderate periodontal disease was defined as the presence of 4 or more sites with PD > 3 mm. Severe periodontal disease was defined as 4 or more sites with PD ≥ 5 mm. For comparison with other studies, we also calculated the prevalence of periodontal disease based on the definitions by Arbes et al. and the U.S. National Health and Nutrition Examination Survey (NHANES) in 2009 and 2010 [5, 23] . The definition of periodontal disease by Arbes, et al. was 1 or more sites with PD ≥ 4 mm and CAL ≥ 3 mm [23] . In the NHANES of 2009 and 2010, the definition of mild periodontitis was 2 or more sites with PD ≥ 4 mm and CAL ≥ 3 mm (not on the same tooth). Moderate periodontitis was 2 or more sites with PD ≥ 5 mm and CAL ≥ 4 mm (not on the same tooth). Severe periodontitis was 1 or more sites with PD ≥ 5 mm and 2 or more sites with CAL ≥ 6 mm (not on the same tooth) [5] .
Data analysis
Women's Body Mass Index (BMI) was calculated as weight (kg)/height 2 (metres 2 ). Overweight was defined as BMI ≥ 25 [24] . The frequency of daily tooth brushing was based on self-reported oral hygiene behavior. Response to the question such as "at least two times of tooth brushing per day" was coded as one point, otherwise the response received zero points. Women's stress was measured using the Chinese version of the Perceived Stress Scale [25] . The scale contains 14 items, among which scores of seven items were reverse-coded; total scores were obtained by summing across all 14 items. Based on the median scores women were categorized into the "high" (equal or above the median) or the "low" stress groups (below the median).
All data were double-entered using Epidata 3.1 and checked for correctness. A Pearson Chi-Square test was used for categorical outcomes. Multiple logistic regression was performed to determine the factors associated with overall periodontal disease and moderate/severe (combined) periodontal disease. The adjusted odds ratio (OR) and its 95% confidence interval (CI) were derived from the coefficients of the logistic models and their standard errors. Statistical analyses were carried out using the Statistical Package for Social Sciences (SPSS) for Windows version 17.0.
Results
A total of 987 pre-conception women participated in the baseline questionnaire survey and completed the dental examination. The main characteristics of pre-conception women in this study are shown in Table 1 . The mean age of the participants was 27 years old (range 18-40 years). Most participants (87.2%) had college or above education level. Overall 78.6% of participants were employed and 95.8% reported monthly family income was above 4,000 RMB (~USD $615, the minimum monthly income criterion). The majority of women (85.4%) were nulliparous. 13.2% women reported at least one of their family members (including mother, father, In multivariate analyses, the only factor associated with overall periodontal disease or moderate/severe periodontal disease was self-reported bleeding during daily tooth brushing (Tables 2 and 3) . Women who reported with often or always bleeding during daily tooth brushing had a higher rate of overall periodontal disease (OR 3.71, 95% CI: 2.24, 6.15, P < 0.001) and moderate/ severe periodontal disease (OR: 5.17, 95% CI: 3.05, 8.79, P < 0.001) respectively, as compared to women who reported occasionally or no bleeding during tooth brushing. Overweight women were also more likely to have periodontal disease (80% vs. 73% overall, 69% vs. 57% moderate vs. severe), although this did not reach statistical significance.
Discussion
The study found a high prevalence of periodontal disease among pre-conception women despite their relatively young age. Self-reported frequent bleeding during daily tooth brushing was significantly predicting factor for developing overall periodontal disease, as well as moderate and severe periodontal disease.
The prevalence of periodontal disease in our study population was comparable to other China studies. Two surveys indicated the rates of periodontal disease nearly 50% and 78% among pregnant women of Shanghai and Shenzhen, Guangdong China respectively [6, 26] . Another survey conducted among childbearing age women in Zhejiang Province, China showed the prevalence nearly 85% [27] . All these studies indicated the high prevalence of periodontal disease among Chinese women of childbearing age. The prevalence among our study population was quite high compared to the rate of periodontal disease (approximately 20%) among non-pregnant women of childbearing age shown by NHANES III of USA [28] . However, this could be due to the different approaches of dental examination and different diagnostic criteria for periodontal disease between two studies [28] . The oral health examination in NHANES III was not a full mouth examination, but performed in two randomly chosen quadrants, one midbuccal and one mesiobuccal. Only two sites of each tooth were examined for each participant. Compared with full mouth examination, this approach has been shown to result in an underestimate of rate of periodontal disease [5, 28] . The prevalence among the pre-conception women in our study was still higher, when applying the same periodontal disease definition as the study by Arbes et al., in which the prevalence of periodontal disease was 8.8% among 18 year olds and above [23] . Furthermore, compared with the US prevalence rate around 24% in adults 30 to 34 years age in NHANES 2009 and 2010 [5] , the prevalence of periodontal disease among our study participants was also higher when applying the same definition of periodontal disease and despite of the younger average age. The high prevalence of periodontal disease among pre-conception women may be due to the fact that oral health care is generally not available in China: our data also showed nearly 60% of pre-conception women visited a dentist more than two years ago or had never visited a dentist, and only around 6% of women could get complete or partial reimbursement for oral health care from their health insurance.
Nearly 50% of periodontal disease cases in our study were found to have mild periodontal disease, which indicating a need for timely oral health care to avoid further progression, as more than 50% of women with periodontal disease were moderate or severe, demonstrating the neglected oral health care among this population. Given the fact that periodontal disease often advances and becomes more severe during pregnancy due to the elevated levels of estrogen and progesterone [16, 29] , the screening and treatment of periodontal disease should be included in pre-conception health care.
Periodontal disease has been reported to be more common in deprived or disadvantaged populations [9, 27] . Additional risk factors for periodontal disease include older age, Hispanic and non-Hispanic Black ethnicity, being overweight and obese, poor oral hygiene, more stressful psychological status, tobacco use, alcohol consumption, taking oral contraceptives, increased parity, gestational age, public dental insurance (versus private), and lacking a recent dental visit (within six months) [7, 9, 30, 31] . Although we have examined these potential associated factors in the analysis, the findings did not show socioeconomic status or other factors, except self-reported bleeding during tooth brushing, to be significantly associated with periodontal disease. Results were in the direction of overweight/obese women being more likely to have periodontal disease, although results were not precise enough to draw firm conclusions. This might be due to the high homogeneity of the study population -most of participants were not overweight, had a college or higher education, were employed, and were above the low income threshold -or it might indicate that the disparities seen in above studies that were mainly [9, 30, 31] are not apparent in our study population. The only factor strongly associated with periodontal disease was perceived frequent bleeding during tooth brushing, even demonstrating a dose-response with the increased severity of the periodontal disease. Self-reported bleeding during tooth brushing was consistently associated with an increased risk of periodontal disease when applying the different periodontal disease definition of Arbes et al. and the US NHANES 2009 and 2010 in this study population (results not shown) [5, 23] This finding suggests in low-resource settings where there is shortage of dental human resources and the standard full-mouth dental examination is not routinely performed, self-reported Strengths of this study include reporting the prevalence of periodontal disease among a large sample of pre-conception women who were seeking care for reasons unrelated to oral health. The dental examination method used in this study was the standard full mouth examination. Limitations of this study include, first, given that our study was hospital-based, a convenient sampling process, the prevalence found in this population might not represent the all pre-conception women. Secondly, the participants had a high proportion of women with well-education and better social-economic status, which could limit the generalizability of findings, but might indicate that the general population at an even higher risk of periodontal disease.
Conclusion
A high prevalence for periodontal disease of 73.9% was found among Chinese pre-conception women. Self-reported frequent bleeding during tooth brushing was significantly associated with the increased rate of periodontal disease, which could be regarded as a signal of requiring further oral health care. The results highlight the oral health care needs among Chinese pre-conception women. The screening and prevention of periodontal disease among pre-conception women should be included in maternal and child health care programs, in order to improve both maternal oral health and pregnancy outcomes. 
